An immunogenetic study of the response to streptococcal carbohydrate antigen of the cell wail was carried out on members of 15 multiplex families each having more than one sib affected with rheumatic heart disease.
cell wall of group A fi haemolytic streptococci in vitro was studied by tritiated thymidine uptake. The results were statistically and genetically analysed. It was found that (a) all subjects with rheumatic disease were highly responsive to the streptococcal polysaccharide antigen of the cell wall, the sib pairs being mostly HLA identical; (b) all low responders had no rheumatic disease and their phenotypes were mostly different from those of the rheumatic member of their sib pair; (c) correlation of immune responsiveness (high or low) between HLA-identical sibs was significant, but insignificant between haplotype identical and non-identical sibs; (d) the gene responsible for high responsiveness to the streptococcal polysaccharide antigen of the cell wall is recessive and closely linked to HLA. In conclusion, it was found that exposure to pharyngeal infection with group A fi haemolytic streptococci may lead to acute rheumatic fever in those with an inherited recessive gene responsible for high responsiveness to the streptococcal polysaccharide antigen of the cell wall.
Development of acute rheumatic fever, which is known to depend on genetic-environmental interaction, is generally thought to entail reactions of the immune system with group A streptococci or their products. Development of high titres of antibodies against streptococcal antigens in rheumatic patients, the presence of cross reacting antibodies against many components of host tissues,' and alterations of the cellular immune response,2-4 all indicate an immunoregulatory dysfunction in the pathogenesis of acute rheumatic fever.
Numerous attempts have been made to show the existence of immune response genes or immune suppressor genes in man with a series of antigens, such as streptokinase and streptodornase,5 influenza A,6 vaccinia,7 and tetanus toxoid. 8 Sasazuki et al investigated the immune response to streptococcal cell wall antigen by the T cell proliferation in vitro among the members of 23 healthy families.9 They suggested a dominant gene for low responsiveness to streptococcal cell wall closely linked to HLA.
In this study we investigated the pattern of cellular immune response to the group A polysaccharide antigen of the streptococcal cell wall in vitro. To identify the HLA linked immune response or iInmune suppressor genes or the mode of inheritance, or both, family analysis is essential. Thus we studied the members of families having more than one sib affected with rheumatic heart disease. We aimed at clarifying the genetic control that may govern the immune response to this antigen and determining whether it is linked to the HLA region.
Patients and methods
The study was carried out on members of 15 multiplex families each having more than the one sib affected with rheumatic heart disease. They comprised 30 parents (two with rheumatic heart disease) and 61 sibs: 32 with rheumatic disease (13 male, 19 female, aged 6-26 years) and 29 without rheumatic disease (17 male, 12 female, aged 5-18 years). In only four families were the parents consanguineous (first cousins in family Nos 6, 9, 12 and first cousins once removed in family No 14) . Only those sibs above the age of 5 years were included.
The rheumatic sibs were enrolled from the cardiac follow up outpatient clinic of the paediatric department of the University Hospital at Mansoura on the basis that the probands previously admitted to the hospital had been diagnosed as having acute rheumatic fever. None of the rheumatic patients was in heart failure or showed any clinical or laboratory evidence of rheumatic activity. For at least six months after complete clinical and laboratory improvement from the last attack of rheumatic activity they had received no treatment except long acting penicillin, and this was stopped one month before our investigations.
A detailed history was taken and clinical examination carried out on all the members of each family to exclude a past history suggestive of acute rheumatic fever or evidence of subclinical rheumatic heart disease or even recent streptococcal infection.
Fifty healthy unrelated subjects matched for age, sex, and socioeconomic standard served as a control group. They had been admitted to the hospital for minor surgical conditions. Neither they nor their first degree relatives had any history or clinical evidence of acute rheumatic fever or sequelae of rheumatic heart disease.
For all subjects included in the study the following investigations were carried out:
1 Clinical examination of all the probands and the living first degree relatives in the 15 multiplex families. 2 16 The method of the lods is based on likelihood, which is defined as the relative probability of finding a family with information on the two markers at various recombination fractions.
Results
The results of [3HJthymidine uptake by lymphocytes of the control group, expressed in natural logarithm counts per minute (In A cpm), were analysed from the cumulative frequency curve drawn on normal probability paper ( fig  1) . The abscissa indicates the classes of the immune responsiveness expressed by In A cpm and the ordinate indicates the cumulative distribution frequency (%). The distribution showed a clear bimodality as represented by two independent lines with a cut off point at 9 1. Pedigrees ofthe 15families with the clinical presentation, the response to the streptococcal polysaccharide antigen ofthe cell wall (SPA-CW), and HLA haplotypes assignedfor each subject.
- Table 1 summarises the immune responsiveness of parents and siblings (rheumatic and non-rheumatic) of the 15 multiplex rheumatic families to the streptococcal polysaccharide antigen of the cell wall. Those above 9 1 In A cpm were considered high responders and those below this figure were considered low responders. Table 2 summarises the disposition, according to this criterion, of the high and low responders to the streptococcal polysaccharide antigen of the cell wall among the 15 families. Figure 2 presents the pedigrees of the 15 families with the clinical presentation (rheumatic or non-rheumatic), the response to the streptococcal polysaccharide antigen of the cell wall, and HLA haplotypes assigned for each subject. Table 3 illustrates the HLA haplotypes of the parents as presented in the pedigrees.
The mode of inheritance for the immune responsiveness to the streptococcal polysaccharide antigen of the cell wall was analysed by the maximum likelihood scoring method,' using only the eight informative families. All of these families were completely ascertained and penetrance of the gene controlling immune responsiveness to the streptococcal polysaccharide antigen of the cell wall was assumed to be complete. Four informative backcross families (HxL) were analysed assuming that a single recessive gene controls the high responsiveness to the streptococcal polysaccharide antigen of the cell wall. There was no significant difference between the observed and expected results (p>O0O5), indicating that the hypothesis of a single recessive gene controlling high responsiveness to the streptococcal polysaccharide antigen of the cell wall cannot be rejected (table 4) . This result was confirmed by the analysis of the four informative intercross families (LxL) (p>005) (table 5). Further support for this hypothesis comes from the observation that all siblings from matings of high responder parents were high responders. Because many high responder siblings were the result of mating of low responder parents, simple dominant inheritance for low responsiveness to the streptococcal polysaccharide antigen of the cell wall remains valid. Table 6 illustrates the HLA haplotype concordance for rheumatic high responder sib pairs (group A), rheumatic and non-rheumatic high responder sib pairs (group B), and rheumatic and non-rheumatic low responder sib pairs fever have a well recorded marked increase of antibodies to various streptococcal antigens compared with subjects without rheumatic fever. '7 In addition, serum samples of patients with acute rheumatic fever contain antibodies that cross react with constituents of human cardiac tissues, whereas these antibodies are present in very low titres or absent in uncomplicated streptococcal infections. '8 19 Several mitogens, streptococcal structures, and toxins were found to induce lymphoblastic transformation in vitro. Some workers used phytohaemagglutinin and Candida albicans as non-specific mitogens and they found decreased lymphocyte transformation among rheumatic patients, especially during rheumatic activity.2 4 2022 This hyporesponsiveness was attributed to possible reactions during the active stage of the disease. Similar results have been obtained by using streptococcal extracellular products and toxins. [21] [22] [23] [24] Goldstein et al reported that mammalian structural glycoproteins obtained from heart valves contain antigens similar to those isolated from group A streptococcal cell walls. 25 The shared antigenicity seemed to be due to the presence of common N-acetylglucosamine terminal groups in mammalian tissue and the group A streptococcal carbohydrate. This group-specific carbohydrate antigen accounts for about 30-50% of the dry weight of the cell wall and about 10% of the intact cell. Dudding and Ayoub noted that serum samples from patients who develop rheumatic valvular disease contain high titres of antibodies to the streptococcal group A carbohydrate and that these antibodies may persist for years after the initial attack.26 This antibody is probably the result rather than the cause of tissue injury, however. 27 In view of these previous findings we decided to study the pattern of cellular immune response to this particular cell wall antigen, especially as there are no reports dealing either with the cellular immune response or the possible genetic control that may govern such response to this particular antigen in rheumatic patients.
The cellular immune response of our control population to the streptococcal polysaccharide antigen of the cell wall showed a cut-off point at 9-1 In A cpm. A study of a normal Japanese population using the whole streptococcal cell wall antigen showed a cut-off point at 9-6 In A cpm.9 This small difference might be attributed to: firstly, the difference in the procedure of extraction of the antigen-we used the method described by El-Kholy et al" and the Japanese group used that described by Sasazuki et al. 28 Secondly, the optimum antigenic dose was .
. different-we used the streptococcal polysaccharide antigen of the cell wall, whereas the Japanese used the whole streptococcal cell wall antigen.
A study of the mode of inheritance for immune responsiveness to the streptococcal polysaccharide antigen of the cell wall was carried out by the maximum likelihood scoring method using only the eight informative families (HxL and LxL), and assuming that the gene controlling high responsiveness to streptococcal polysaccharide antigen of the cell wall was a recessive one and its penetrance was complete. Analysis 4 30 An earlier report showed a genetic linkage between the blastogenic response to streptococcal cell wall preparation and the HLA region.3' Also, the magnitude of the antibody response to group A carbohydrate that is produced in laboratory animals was proved to be genetically controlled.32 This was recently confirmed by Ayoub et al, who reported an association between increased antibody production to group A carbohydrate antigen and a particular HLA class II antigen (DR2 and DR4).33 In our study, however, an analysis of the association between HLA and the recessive gene for high responsiveness to the streptococcal polysaccharide antigen of the cell wall by recombination fractions showed very close linkage, as indicated by the higher lod scores obtained at H=0-001 and 0-01.
Thus pharyngeal infection with group A I3 haemolytic streptococci of sufficient virulence and antigenicity might produce acute rheumatic fever and rheumatic heart disease in those subjects with inherited recessive gene responsible for high responsiveness to the streptococcal polysaccharide antigen of the cell wall. The presence of other polygenes that provide the special genetic make up and susceptibility to acute rheumatic fever would probably also be necessary.
The lyophilised streptococcal carbohydrate antigen of the cell wall was a gift from the American-Egyptian study group on acute rheumatic fever at the University of Minnesota, Minneapolis, Minnesota, USA. 
